; coupled with models of passive larval drift (4), they support the contention that larvae are transported regularly between local and distant populations. Knowledge of larval exchange among populations of marine organisms is vital to the study of marine population dynamics, management of fishery stocks, and the design of marine reserves. Decisions predicated on the assumption that larvae are widely dispersed may lead to erroneous actions if the assumption is wrong (5). However, lack of evidence to the contrary has generally resulted in the acceptance of the concept of wellmixed populations on both ecological and evolutionary scales. This, in turn, has been interpreted to infer that ocean current trajectories (usually mean trajectories) and larval duration may predict exchange between populations (4). Larvae, however, are not simply passive particles. Vertical migration behaviors by larvae may couple with vertically stratified flows to retain larvae nearshore (6, 7). Some studies have indicated that mesoscale and sub-mesoscale circulations may minimize long-distance dispersal by retaining ' 
where N is the concentration of larvae at any point in space and time, u and v are current speed in the x andy direction, respectively, K is horizontal diffusivity (assume Kx = Ky= constant), and pi is the mortality coefficient. This model differs from simple trajectory models by including the effect of diffiusion and larval mortality in the transport process, both of which act to reduce significantly the concentration of larvae as they are advected toward the next island. Though large numbers of larvae (in our model, 109 larvae day-) may be released from a given source population, significant numbers reaching downstream locations only 140 km away quickly diminish to near zero level when realistic levels of diffusion (K = 100 m2 s-1) and/or larval mortality (pL = 0.2) are included (Fig. 1A) .
Model simulations indicate that larval exchange, even between closely located islands, is simply not sufficient to sustain downstream populations over ecological time scales (Fig.  lB) . In all scenarios of typical current speeds (30 to 50 cm s-l), the estimated transport success (11) is effectively zero, even where diffusion is zero. Measurable transport success occurs only when current speeds are too low for this region (-8 cm s-') and diffusion remains unrealistically low or nonexistent.
The very steep nature of the "successful" set of conditions indicates the rarity with which such conditions are likely to occur. As expected, estimated transport success decreases when distance from the source increases, indicating the additional diluting (or dispersion) of larvae over an ever increasing area (Fig. 1, B and C) . Thus, while current trajectories might indicate the potential outcome of larval transport (4), they fail to account for the probability of successful downstream transport because larval concentrations are reduced by at least five (and potentially greater than nine) orders of magnitude by diffusion and mortality of larvae.
The 2D model used above is restricted in its ability to resolve adequately the mesoscale variability in the ocean. Mesoscale flows may serve to concentrate larvae along frontal features thereby increasing their speed of transport and/ or altering the transport trajectories of larvae.
To this end, we used a high-resolution (6 km) general circulation model (12) to simulate larval dispersal under realistic, mixed layer flow conditions in the eastern Caribbean. The capacity for dispersal is clearly demonstrated in the model results (Fig. 2A) . Within 30 days, virtual larvae released from a 1 km2 location near Barbados spread over -106 km2, which represents a dilution of the original concentration of larvae by six orders of magnitude. When the diluting effect of mortality is added, the outcome is obvious (Fig. 2B) . There simply are not enough larvae occurring within any coastal region to sustain downstream populations from a source population such as Barbados, even when all larvae produced at the source leave the source area. To understand the sensitivity of the results to variations within the simulations, dispersion runs were made for 10 different periods in the North Atlantic model. The results show variations of the size of the dispersed patch of approximately a factor of two with the main difference occurring between times when North Brazil rings (13) are present and when they are not. The conclusion is that the order of magnitude of the dispersal is robust.
Absent from these models of long-distance dispersal is the effect of retention of locally spawned larvae. However, if downstream recruitment is unlikely, it follows that mechanisms should exist to maximize retention of larvae near the source population. Mesoscale features may act to concentrate larvae locally near their source locations. Also, the upper water column (100 m) is vertically stratified (due to changes in temperature and salinity with depth), which enables vertically layered flows. This condition is well demonstrated in a depth profile of the residual east-west flow averaged over a 30-day period off the western coast of Barbados (Fig. 3A) and has been identified as a common feature of this (7, 14) and other coastal locations (15) . Surface flows along the western side of the island tend to flow offshore due to prevailing winds from the northeast, resulting in a consistent upwelling and onshore flow between 20 to 50 m evident in both the residual record and in Lagrangian drifters (Fig. 3B) . Relatively early in their development (-6 to 9 days after hatching), postflexion-stage fish larvae (the developmental stage associated with formation of the caudal fin and capability for some directional swimming) descend in the water column (from near surface as preflexion larvae) to a mean depth of -35 m (Fig. 3C) . By avoiding the surface layer, postflexion larvae are in water with a mean onshore flow, thereby enhancing local retention and countering the outward advection of the surface currents. Besides enhancing local replenishment of the source population, such retention further reduces the number of larvae available for downstream transport.
These results, combined with accumulating evidence of local retention (16) (19) . There is also the potential for long-range dispersal to occur due to short-term climatic variations (20) . However, such events may be relatively rare and/or detrimental to larval survival (for example, hurricanes). Toward the end of their larval period, fish also have significant swimming capabilities (21) which may allow a larger radius of settlement on islands (depending on the radius of relevant taxis cues). Clearly, the level of exchange in a given system will fall along a continuum from isolated islands to continental coastlines. Yet, even for the latter, mesoscale circulation features (such as coastal currents and eddies), coupled with vertical and horizontal larval swimming behaviors, might lead to ecologically scaled retention of larvae relatively close to source populations (22) .
In regions such as the Caribbean, the question of whether populations of fishery resources are regularly transported among islands or along long stretches of coastline is an intemational issue. One country's fisheries have the potential to impact the resources of another. However, our results suggest that management decisions based on open population models might overestimate the level of population exchange. Such overestimates might lead to a false sense of security among managers of "downstream" resources (5). If local retention is more the rule, then local management initiatives predicated on the appropriate population models (limited exchange) have a greater chance of producing local results.
